An 11-year-old neutropenic female child with acute lymphoblastic leukemia (ALL) developed a large right frontal mass a month following the induction of chemotherapy. A well encapsulated mass on surgical excision turned out to be aspergilloma with metastatic infiltration in frontal lobe. A genetic defect in form of microsatellite instability was also demonstrated in frontal mass. A possibility of fungal granuloma in a neutropenic child treated for ALL (on chemotherapy) remained strong on clinico-radiological evaluation. However, the cranial involvement in ALL also amounts to be 50 to 80% in untreated children. The child under discussion had a rare manifestation of both leukemic infiltration and fungal granuloma formation. Though the microsatellite instability was demonstrated in the mass, but further genetic studies would be required to establish the role of genetic defect in evolution of such cerebral masses/leukemic deposits. (J Pediatr Neurol 2004; 2(1): 39-43).
Introduction
Cerebral aspergillosis can be considered a disease of medical progress. The incidence of cerebral and disseminated aspergillous infection has increased with the advent of more aggressive medical interventions capable of impairing the host's immune response. Invasive aspergillus infections in the immunosuppressed host are usually lethal. Rare involvement of central nervous system (CNS) can occur in patients with cancers, mainly because of the use of immunosuppressive therapy including corticosteroids, chemotherapy, and total body irradiation. The mortality rate for aspergillosis or mucormycosis brain abscesses in immunocompromised patient's approaches 85 to 100% (1) . CNS fungal infections in cancer patients undergoing immunosuppressive therapy may manifest as mass lesions in brain. Differentiation of such masses from metastases may become difficult, once cancer spreads from other systems to brain.
Genetic perturbations have been demonstrated in the development of brain tumors during last few years. Replication error phenotype as tested by microsatellite instability (MSI) resulting from defect in mismatch repair genes has been reported in various types of brain tumors with conflicting results (2) . Here, we are presenting a case of acute lymphoblastic leukemia (ALL) manifesting with neurological features while under antimitotic therapy. The child developed a large frontal mass, which turned out to be aspergilloma along with leukemic deposit. We studied the excised cranial mass and normal brain tissue of the child to evaluate the status of MSI. The possibilities of fungal granuloma and/or leukemic infiltration with MSI in ALL are discussed in this paper.
Case Report
ALL was diagnosed in an 11-year-old female who presented with fever, painless epistaxis and cervical lymphadenopathy of 1 month duration. She received chemotherapy in form of cyclophosphamide, cytarabin, methotrexate, and steroids for two months. She was irradiated focally for cervical lymphadenopathy on account of a significant enlargement of lymph nodes in her. A month following commencement of chemotherapy, she had an episode of generalized tonic clonic seizures for which she was put on antiepileptic treatment and investigated further. Neurological examination revealed left sided hemiparesis with bilateral papilloedema.
On investigation, the hemogram showed typical picture of ALL. X-ray chest and radiological screening of air sinuses remained unremarkable. Magnetic resonance imaging (MRI) brain scan showed a large mass in right posterior frontal region, isointense on T1 weighted with intralesional hypointensities and surrounding large hypointense perifocal region. It was hyperintense on T2 weighted as a whole with only a rim of hypointense area surrounded by perifocal hyperintensity, suggestive of grade II edema (Figure 1) .
Considering the diagnosis of leukemic deposits or fungal granuloma, excision of mass was done via right frontal craniotomy on account of progressive symptoms (Figure 2 ). On operation table it was a well capsulated, well defined large whitish mass with capsule stripping off easily from the surrounding brain. It had dark yellowish soft solid material inside, which could be evacuated easily. Total enucleation of encapsulated mass was achieved.
Histology showed large areas of necrosis of brain parenchyma along with patchy infiltration by atypical immature lymphoid cells (Figure 3 ). At places septate fungal hyphae (aspergillus) were invading the brain parenchyma with necrosis ( Figure 4 ). Inflammatory reaction at the site of fungal invasion was minimal probably due to immunosuppression.
Genetic defect as exemplified by microsatellite instability was assessed using a panel of ten markers (BAT-26, BAT-40, hMSH3, BAX, IGFIIR, TGFβRIII, D2S123, D9S283, D9S1851 and D18S58) and polymerase chain reaction (PCR), was performed to examine the pattern of microsatellite alleles in the DNA of normal neural tissue and the excised mass. The sequences of primers were searched from human genomic data base. PCR amplified products were then analyzed on 8% denaturing polyacrylamide gel followed by autoradiography. Out of the total markers evaluated all were found to be stable except a change was observed at D9S283 locus. This locus exhibited loss of heterozygosity (LOH) in study tissue as compared to the heterozygous pattern observed in normal tissue ( Figure 5 ).
The child had smooth postoperative recovery without added deficit. She was transferred to the department of immunology on 7 th postoperative day for further treatment of ALL. Post-operatively she also received amphotericin B in the dose of 1 mg/kg/day over the period of 3 months. The drug was started following sensitivity testing with minimal dose. The child could not tolerate the total dose of more than 1.5 g on account of her already compromised blood counts and immunological status. This dose was considered sufficient for her weight and nutritional status by immunologist. At 9 months follow-up she had minimal residual left hemiparesis.
Discussion
Aspergillus fumigatus is the most frequent cause of aspergillosis of the CNS. The following conditions tend to favour the development of the disease: environmental or professional factors that expose the organism to prolonged contact with the infective agent, depressed immune response, acquired by corticosteroids therapy, antibiotics, cytotoxic drugs, immunosuppressive agents or a state of general debilitation pulmonary tuberculosis (3), hepatitis, alcoholism (4), and other drug addictions (5), diabetes (6) leukemia (7) and other neoplastic diseases (8) . It seems that leukemia, radiation and cytotoxic drugs were predisposing factors for developing aspergilloma in our child as described in the literature (7). There has been no report till now on intracerebral aspergillosis aspergilloma associated with leukemia deposits/ metastases.
Cerebral infection is usually secondary to a primary focus elsewhere in the body. The infection reaches into brain either directly from the nasal sinuses (9) or via vascular channels as blood born from the lungs and gastrointestinal trac (3, 10) . It may be airborne, contamination of the tissue during neurosurgical procedures (11) . Nosocomial transmission has also been documented (12) . Aspergillosis remains as one of the most difficult infection's to treat, especially in immunocompromised patients, where it is mostly hematogenous dissemination from lung (13) .
Cases of intracranial aspergillosis occur worldwide with no demonstrable predisposition for sex or race, but mostly occur in adults. Most cases of invasive aspergillosis have occurred in neutropenic patients, who have an underlying hematological neoplasias (7) as it occurred in our neutropenic child of ALL with a history of radiation and multidrug antimitotic therapy. The brain is the second or third most commonly involved organ in patients with aspergillosis (14) . Concurrent intracranial involvement is seen in 13 to 16% of patients with pulmonary aspergillosis. The brain involvement is found in 40 to 60% of cases in one series (14) .
The presenting symptoms of metastases and aspergillomas are usually nonspecific in the form of stroke like symptoms, seizure or intracranial mass effects, while fever may not be present (15) and signs of meningeal irritation are also rare (16) . Cerebrospinal fluid is usually sterile with slightly elevated protein levels and organism can rarely be cultured (13, 15) . Serologic tests to detect aspergillous antigen in the serum and/or cerebrospinal fluid remain experimental (17) . For these reasons the diagnosis is usually difficult, only special staining and histopathological findings can confirm the diagnosis.
Imaging studies provide a useful adjunct to diagnosis in CNS aspergillosis. Three different neuroimaging pattern of cerebral aspergillosis have been identified in immunosuppressed patients: (a) It may manifest with multiple areas of hypodensities on computerized tomography scan or hyperinstensities on T2 weighted MRI involving the cortex/subcortical white matter with multiple areas of embolic infarction. (b) Multiple intracerebral ring enhancing lesions, often hypointense on T1 weighted images and isointense on proton density and T2 weighted images with surrounding edema (18) with a low signal peripheral rim in cases of hemorrhagic infarction are demonstrated (19) . (c) Dural enhancement associated with enhancing lesion in the adjacent tissues may be another imaging manifestation. Recognition of these three patterns of aspergillosis in immunosuppressed patients may lead to more effective diagnosis and treatment. Our child however presented with large well defined ring lesion, isointense on T1 weighted with intralesional hypointensities and large area of perifocal hypointensity. It was hyperintense on T2 weighted with hypointense rim, surrounding hyperintense edema and mass effect. In the literature, few descriptions of patients with ring lesion or nodular enhancement lesions exist as in our case (8, 18) . Despite intensive treatment with amphotericin B in many cases the mortality rate ranges from 75 to 100% and diagnosis is often made after death (20) . The literature contains description of only a few patients who survived after surgical intervention and antifungal therapy (8, 18) . A reasonably good host defense mechanism may have role in good outcome as seen in our child who is fairing well despite having undergone surgery for fungal granuloma, while ALL has been taken care by further chemotherapy.
Genetic changes like activation of protooncogenes, loss of tumor suppressor genes, stimulation of growth factors and aberrant immune surveillance play an important role in the induction of many neoplasms. Many genetic changes including loss of 12p detected by comparative genome hybridization, preferential loss of maternal 9p alleles, whole chromosome 6 loss and duplication of the remaining chromosome, mono and bi-allelic 9p 21 deletions are frequently seen is childhood ALL (21) (22) (23) (24) . However, recently the disruption of mismatch repair genes indicated by MSI is observed as one of the key feature present in ALL. Cytogenetic and FISH (fluorescent in situ hybridiation) analysis has demonstrated chromosomal abnormalities in 68% of patients with ALL (25) . LOH of 6q, 9p, 11q and 12p in 20%, 40%, 12%, and 25% of individuals, respectively, has been observed as a very frequent alteration in children with ALL (26) . In our present case of aspergillosis along with leukemic deposits/ metastases, which is behaviorally different from brain tumors, we report LOH at long arm of chromosome 9 at D9S283 encompassing CA repetitions. To the best of our knowledge the genetic instability has not been reported till now either in fungal granuloma or in patients with fungal granuloma associated with ALL. It is hypothesized that infection caused due to antimitotic therapy and/ or radiation accumulates genetic alterations in the locally infected and metastatic tissue as compared to normal tissue of brain which manifests as loss of one allele and makes the locus at 9q chromosome susceptible to genomic instability as seen in our child.
Conclusion
The CNS aspergillosis in immunocompromised neutropenic child may manifest with large cerebral mass and mass effect. Metastases from ALL may coexist with aspergilloma. Usually such cases have fatal course in short duration of time even after surgical intervention and appropriate antifungal therapy. But our child remained intact even after 9 months, most probably because of localized disease and duly offered treatment for fungal granuloma and ALL. The contrast enhanced MRI and computerized tomography characteristics have an important role in establishing the early diagnosis and treatment in high risk, immunocompromised patients. Genetic defect demonstrated as genomic instability has also been found to be present, which may signify the correlation between cerebral masses/ALL and microsatellite instability. Further studies would be required to establish, the susceptibility of infection/ tumors in patients harboring genetic defect.
